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_ i. INTRODUCTION''

Remote sensing experiments require a thorough understanding of the

earth's atmosphere. Clouds often obscure the earth's surface in the
".isible bands and signiflcantly attenuate or totally absorb signals at

!i: microwave and infrared wavelengths Thus accurate prediction of the

- occurrence, thickness and extent of clouds is necessary for the planning

of earth viewing missions such as I,ANDSAT (formerly ERTS). Water vapor

also plays a key role in the absorption of radiometric signals, an

effect which is not only dependent upon the total amount of vapor but

also upon the vertical distribution and temperature of this water vapor.

To meet these needs, the Aerospace Environment Division at the

Marshall Space Ylig Center sponsored the development of a global data

bane of cloud statistics and a four-dimensional atmospheric model. The

cloud data bank was developed by Sherr et al (1968) and modified by

subsequent studies. It consists of thirty cloud regions with frequency

of occurrence of cloud cover, cloud type and number of cloud layers

given at three hour intervals for each month. The 4-D atmospheric model

(Spiegler and Greaves, 1971; Spiegler and Fowler, 1972) provides means

and variances of pressure, temperature, water vapor and density at 1 km

levels from the surface to 25 km at 3490 points covering the globe.

Both models are associated with a large set of computer programs designed

to simulate meteorological conditions for any location above the earth.

These data banks and models have been used to simulate many satellite

missions (e.g., Chang and Fo_ler, 1973; Powler, et al, 1974) and have

proved to be of great value in planning and analyzing radiometric

experiments.

The purpose of the current study was to expand further the atmos-

pheric model to provide information for space vehicle design and to

permit simulation of vehicle re-entry trajectories. In addition, the

high resolution cameras carried by LANDSAT 1 required a revised analysis4

of the relationship between satellite and surface observed cloud cover

to update the cloud simulation programs. Thus this report covers three

broad areas designed to improve the existing models.

i

>
4

1976003524-008



i I _ ( I I I
' ! i I , t ;'

• An investigation of the relationship between satellite and

surface observed cloud cover using LANDSAT 1 photo£raphs and

including the effects of cloud shadows.

• The extension of the 4-D model to the altitude of 52 km pro-

viding grid point means and variances at 2 km intervals for

the paramc ers of pressure, temperature, density and u and v

wind components.

• The addition to the initial 4-D model of means and variances

of u and v wind components at 1 km levels from the surface to

25 km.

These topics, although united in the overall goal of improving the

simulation,of atmospheric effects, do represent separate areas of research

and development. Thus in this report they will be presented separately

with Section 2 discussing the findings of the cloud cover analysis,

Section 3 presenting the stratospheric model, and Section 4 presenting

the tropospheric wind profiles. Section S will then provide the general

summary and conclusions with recommendation¢ for further improvement of

the models.

t

1976003524-009



2. SATELLITE AhO SURFACE OBSERVATIONS OF CLOUD COVER
i

In the simulation of earth-viewing space missions such as LANDSAT,

one of the most important parameters is cloud cover. Clouds obscure the

surface at visible wavelengths and significantly attenuate infrared

wavelengths, so much of the success of earth observation relies on the

occurrence of clear or partially clear situations. In a long series of

studies (e.g., Chang and Willand, 1972) a set of global cloud statistics

has been derived to provide frequency distributions of cloud cover,

cloud type and number of cloud layers for 50 cloud climatological

regions. These statistics, combined with a set of computer simulation

models, have been used successfully t_ simulate the cloud conditions

along suborbital tracks and to assist in planning earth observations

from space.

Despite the success of the simulations based upon these statistics,

the validity of this cloud model has often been questioned on the

grounds that the cloud cover statistics are based on surface observa-

tions. Studies have showr, (c._., Barnes and Chang, 1968) that theru can

be significant differences between the amount of cloudiness observed by"

a satellite and that observed from the ground. These differences arise

from many sources: low resolution of satellite photographs which does

not permit identification of small cumulus cells, overestimation of

cloud amounts by a ground observer because of the "curvature of the

sky", lack of correlation in the fields of vie_ seen by the satellite

and by the Rround obeerver, and many other factors.

These measurement differences could possibly be resolved if both

space-borne and ground-based observers looked at exactly the same field

of view, with the same amount of cloud element resolution, and made no

error in estimating cloud coeer. In other words, they are caused by

observer dependent difficulties in estimating cloud cover precisely.

However, earth-viewing missions are also affected by another aspect of

' cloud cover which is not treated at all by ground observers - cloud

shadow. In conventional observations, cloud shadow is not measured nor

is it considered important in most areas of meteorological r_search.

3
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For satellite studies of terrestrial features, on the other hand, it is

very important, for _2oud shadows can obscure the surface at visible

wavelengths just as effectively as the clouds themselves.

The purpose of this current study was thus twofold. First, the

goal was to re-evaluate the relationship between satellite and ground

observed cloud cover using photographs from LANDSAT I. The se,,sorson-

board this satellite have a much higher resolution than cameras used for

previous cloud cover correlations (e.g., the NIMBUS 2 AVCS and APT) and

thus hopefully show a closer relationship to ground-basedmeasurements.

Second, the goal was to determine the effect of cloud shadow on total

cloud cover and to evaluate the factors upon which cloud shadow amounts

are depenuent.

2.1 The Basic Data Sets

Two data sets were used to perform the above analyses. The first

set, used for a comparison of satellite and surface observations, con-

sisted of forty-five pairs of LANDSAT photographs, analyzed for I/4° and

I/2° circles above reporting stations, and concurrent "Service A" and

"Service C" observations obtained from the National Weather Service. As

is shown in Figure 2-1, these cases are primarily located in the North-

east and the Northwest with a number of other stations selected from the

South, Midwest and Southwest. They are thus representative of several

cloud climatologicalregions, and, since the months analyzed include

January through August, they are also representativeof the various

cloud conditions associated with different seasons and latitudes.

The second data set, used for an analysis of cloud shadow effects,

included the LANDSAT photographs used in the above data set, plus a

number of other photographs for which no surface observations were

readily available. This data set expansion was of particular importance

in analysis of cloud shadow versus sun elevation angle because all

LANDSAT-I observations are made near I000 LHT. Only by the inclusion of

a wide variety of latitudes and seasons could the needed variability in

sun elevation be provided and the problem of cloud shadow be adequately !

treated, i!

Figures 2-2 and 2-3 show LANDSA| _hotographs typical of the cloud i|

_ conditions analyzed. The first photograph includes Tucson, Arizona, and !

I
t , L
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Figure 2-3 LANDSAT-I Photograph of Northwestern Canada,
I0 January 1973
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illustrates clearly several of the difficulties encountered in comparing

satellite and stations observations. The clouds are broken and scat-

tered, and changing rapidly with convective growth. Thus, this photo-

graph, taken at 1728Z probably shows conditions not identical to those

observed from Tucson at 1700Z or 1800Z, although the measurements of

total cloud cover are consistent with time and agree well with the

satellite's. Many cases originally selected for analysis had to be

discarded because of a lack of stability in cloud conditions (e.g.,

moving frontal clouds) and a lack of agreement in reporting times, which

meant that the surface and satellite observations were not made of the

same cloud situations. On the other hand, cases which had differences

due to observer dependent problems (e.g., obscuration of upper layers by

lower clouds, or coverage by very thin cirrus) were retained to provide

a representative sample for comparison.

Eigure 2-3 shows a photograph of northwestern Canada (approx. 68°N,

140°W) used only for the cloud shadow analysis. Taken on l0 July 1973

at a sun elevation angle of 4_ °, this picture shows pronounced cloud

shadows from the large cumulonimbus developing in the area. Comparison

with Figure 2-2, taken at an elevation angle of 32 °, shows some sun

angle effects, but it also clearly demonstrates the relationship between

cloud height and cloud shadow. In both figures, it is the cirrus or the

large cumulonimbi which throw the _reatest shadows while the tiny

cumulus throw the least shadow, ttowever, as the sky becomes increas-

ingly covered by clouds (e.g., lowe_" right, Figure 2-2), the cloud

shadow effect lessens until 100_ coverage is reached and no shadow is

seen. Measurement o_ area cloud cover and cloud shadow cover were thus

made independently and the ratios of the two percentages were derived

for analysis. These measurements were also grouped into categories of

low, middle, and high clouds with photographs carefully Chosen to

minimize the range of heights within cloud height categories.

2.2 A Comparison of Satellite Observed Cloud Cover with Surface

Observed Cloud Cover

The forty-five pairs of satellite and surface observations dis-

cussed above provided measurements of:

1976003524-015
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_! • Surface cloud cover percentages>

• Satellite observed cloud cover percentages for 1/4" latitude

(15 n mi.) circles around the reporting stations

• Satellite observed cloud cover percentages for 1/2" latitude

, (30 n mi.) circles around the reporting stations

• Satellite observed cloud cover plus cloud shadow percentages

: for the same 1/4" circles

• Satellite observed cloud cover plus cloud shadow percentages

for the same 1/2 ° circles.

No measurements were made of the cloud cover observed within a 1" circle

because of the high resolution and small field of tiew of the LANDSAT

sensor. Mos: photographs covered an area approximately 1-1/2" latitude

by 1-1/2" longitude, and it was rare that a station was so centered that

a 1" circle around it was contained in one picture. Previous studies of

cloud cover emphasized a comparison of 1/2" and 1" area cloud cover

measurements (e.g., Greaves et al, 1971) in order to take the surface

cloud cover observations, corresponding generally to a 30 n mi. field of

view, and convert them to 60 n mi. corresponding to a satellite field of

view. In this study, the goal was more to see how well the 1/2" satel-

lite observations agreed with the surface observations and to see what

correlation the surface measurements would show with an even smaller

field of view, that of 1S n mi.

The cloud cover percentages for the four sets of satellite analyses

were regressed against the surface cloud cover amounts to derive second

and third order polynomials expressing the relationship between satellite

and surface observations. Figures 2-4 and 2-5 show the resulting curves

along with the original data points used. In Figure 2-4, comparing the

1/4" field of view with the surface observations, the cloud cover

amounts tend to cluster around certain values. The satellite sees very

little (< 5%) cloud cover until surface reports indicate up to 25%

! coverage, the_ agrees well with the surface observations up to 75%

coverage. For higher cloud cover amounts, the satellite often indicates

5 to 10% greater coverage than is seen from the ground, but in general

there seems to be little observer discrepancy under overcast conditions.

i 976003524-0 i 6
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Scatter in the data points offset some of these trends in the curve

fitting, but it was difficult to determine whether these values re-

flected actual observer differences or pronounced changes in cloud cover

between the two observer times. Since the points became more clustered

as the data sample increased, it may be that a larger data sample will

show these observations to be spurious. (In most cases of pronounced

differences in observed cloud cover, e.g., cloud covers I00% satellite

versus 30% surface or 50% satellite versus 100% surface, the sky con-

ditions were in a state o£ rapid change, and it was impossible to deter-

mine what occurred ten minutes before or after the photo.) llowever,

Figure 2-4 indicates that the 1/4° satellite field o£ view shows slightly

higher cloud cover than the surface observer sees up to 20% coverages,

then 5 to 10% less coverage up to overcast conditions.

Figure 2-5 shows similar information for cloud observations made

with a I/2° satellite field of view. There is slightly less cluster of

the data here, though, and the satellite observations show generally

good agreement with the surface. The curves generated by the least

squares fit reflects the fact that this field of view is the optimum for

comparison - less than 5% difference in cloud cover is found for cover-

ages between 23% and 80%. Again the regression analysis indicates that

the satellite overestimates coverage for nearly clear skies and under-

estimates it for overcast conditions. These results are in good agree-

ment with those found by Barnes and Chang (1968) using I/2° analyses

from NIMBUS II APT photographs. The data they regressed also showed

_,at the satellite overestimates for low cloud coverage, underestimates

fo."high coverage and generally matches surface observations for 3 - 7

tenths coverage, llowever, the current data sample does show slightly

better correlations between the two sets of observations; in fact,

surface cleud cover amounts appear to simulate well LANDSAT observations

£or I/2° areas, and, with a slight reduction in cloud cover percentages,

can also be readily applied to 1/4° areas.

The cloud ¢ovvr amounts analyzed above were measurements of the

coverage by clouds only. The same set of satellite photographs were

also analyzed to obtain measurements of the coverage provided by clouds

plus cloud shadow. Figures 2-6 and 2-7 show these observations and the

regression curves derived by the least square_ fit, while Figure 2-8

i

12
i
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shows the third order curves generated by the four samples. As would be

expected, the overall trend in the relationship between satellite and

surface cloud cover observations remains unchanged, but the coverage

viewed by the satellite increases. The greatest increase occurs at

coverages greater than 75%, and the next greatest changes appear at

coverages of less than 20%. This seemed to be the result of the fact

that most cloud shadows added less than 5% to the total coverage. Thus,

the shadows had the most noticeable effect under nearly clear situations

where they could double the coverage viewed and under nearly overcast

situations where they could make the coverage go to 100%. For inter-

mediate cloud cover amounts, there was enough variability in the initial

observations that the regression was rather insensitive to small increases

in the observed amounts.

The overall results of the above analysis seems to indicate that

simulation of IANDSAT data with surface cloud observations works very

well for the 1/2 ° field of view and is not significantly degraded by

cloud shadow effects. It also works quite well for the 1/4 ° field of

view with some adjustment of the predicted cloud cover to allow for the

slightly lower cloud amounts seen in this viewing area. However, since

cloud shadow effects can be significant in individual cases, if not in

statistical simulations, further analyses were performed on the rela-

tionship between cloud cover and cloud shadow.

2.3 The Relationship Between Cloud Cover and Cloud Shadow

To derive the relationship between cloud cover and cloud shadow,

sixty-two LANDSATphotographs were carefully analyzed to determine the

percentage of cloud cover, the percentage of cloud shadow and the ratio

of these parameters within selected 1/2 ° latitude circles. In each

case, separate measurements were made of high lewl clouds, middle level

clouds, and low level clouds, and an attempt was made to retain unio

formity of cloud top height for all cases selected in each category.

Because of the large temporal and spatial variability of this data set,

the sun elevation angle ranged from 17 ° to 62 ° and thus provided a good

data set for determining the relationship between elevation angle and

cloud shadow.

16
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Figures 2-9 through 2-II show the relationship between the ratio of

cloud shadow to cloud cover and the sun elevation angle for low clouds,
t

: middle clouds, and high clouds, respectively. For these analyses, the

cloud cover amouJ_ts ,_ed were less than 60%, since the shadow associated

with higher cloud coverage is not sensitive to changes in elevation
angle. All cloud heights show a very high ratio of cloud shadow to

. cloud cover for elcv:_tion angles less than 22*, a ratio which decreases

' with increasing angle :_3 one would intuitively expect. However, the

relationship between the ratio and sun elevation seems to become more

dependent on cloud height with increasing angle, and the elevation angle

at which cloud sha/_v,_ disappear seems to be strongly dependent on cloud

height.

The dependenc_, of cloud shadow on elevation angle for cumulus

(Figure 2-9) tends to group into three ranges with a ratio of 0.8 to 1

for elevations ef less than 22", ratios of O.4 to 0.7 for angles between

32* and 44* and 0.OS to 0.15 for angles greater than 46*. The scatter

of points for the lower elevation angles indicates a generally inverse

relationship of the ratio with the elevation angle and the curve derived

from the least squares fit support this trend. However, as the eleva-

tion angle exceeds 45", the data show_ little dependence on angles

pointing to the equal likelihood of the O.15 percent cloud shadow for

all elevation angles between 45* and 60*. Presumably this ratio would

appronch zero as the sun approached the zenith, but the transition from

constant cloud shadow ratios to no cloud shadow must occur at angles

exceeding 62 ° .

The relationships between percentage of cloud shadow and elevation

angle for altocumuius and cirrus show less tendency to cluster within

ranges of elevation angle, and in the case of cirrus, an almost 1;near

inverse relationship is found between the two parameters. In both

cases, the trend indicates that the cloud shadow will go to zero at

lower elevation angles than that indicated by the cumulus data. In

fact, the cirrus shadow seems to disappear at the lowest elevation

angle, followed by the altocumulus, followed by the cumulus, with this

trend supported at angles between 30" and 45* by decreasing percentages

of cloud shadow with increasing cloud heights.
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The strong dependence of cloud shadow on elevatiov angle would seen

to contradict the finding in the previous section that the shadow gener-

! ally adds only about 5% to the total sky coverage. However, there al_o
c

i seems to be a dependence on cloud cover, as illustrated in Figure 2-12
. for cumulus. There, most of the cloud coverage is less than 40%, and

the highest cloud shadow ratios, corresponding to two elevation angles,

i seem also correlated with low cloud coverage. The higher amounts of

i cloud coverage ( 50%) in general show low cloud ratios - first, because

the greater the cloudiness, the less the field of view remaining to show

cloud shadows and second, because the higher the cloud coverage, the

greater the amount of cloud shadow needed to produce a high shadow to

cloud ratio.

In general, then, the highest and lov:est amounts of cloud coverage

show the smallest increases due to cloud shadow, and the middle range _f

cloud coverage (2n.60%) is the one most likely to have large shadow

amounts. In the comparison of satellite viewed coverage with surface

viewed coverage, this effect was obscured due to the large scatter in

the observers' estimates of cloud coverage and to the combination of

data from all elevation angles. Thus, if one wishes to simulate general

viewing conditions, the additional 5% increase in coverage due to cloud

shadow found in the previous section is quite adequate, but if one

wishes to simulate specific sun elevation angles for cloud coverage

between 20 and 60%, the dependence of shadow on elevation angle should

be evaluated.
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3. THE STRATOSPHERIC MODEL

To supplement the global cloud model in meeting the requirements

for remote sensing studies of the earth's surface, a global atmospheric

i • model was developed by Spiegler and Greaves (1971) and Spiegler and

Fowler (1972). This model, known as the 4-D model, provides monthly
2

means and variances of pressure, temperature, water vapor and density at

1 km levels from the surface to 25 km for any location on the globe.

These values have proved u_eful in defining expected atmospheric condi-

tions along suborbital tracks, and have been applied to the study of

water vapor attenuation at infrared wavelengths (Chang and Fowler,

1973).

Since the development of this model, however, the emphasis in

planning space missions has shifted from determining the attenuation of

radiometric sensors by the lower atmosphere to defining the effects of

of the stratosphere and upper atmosphere on space vehicles. This is of

particular importance in the design and development of the space shuttle

program, for a thorough knowledge of the upper atmosphere is needed in

anticipating density perturbations and in computing trajectories and

aerodynamic heating. Thus a comprehensive statistical representation of

atmospheric conditions from the surface to 185 km was developed by

Justus, Roper and Woodrum (1974), combining empirical models such as the

4-D model and Groves (1971) model.

The Groves model consists of monthly values of atmospheric parameters

at S km levels from 25 to 110 km for 10" latitudinal bands across the

globe. However, because of the limited data set available for analysis,

the model did not attempt to include either daily or longitudinal

, deviations from the monthly values. Thus, though it gives an excellent

representation of the stratosphere and mesophere, it is limited in the

amount of information it provides for evaluating expected changes in

atmospheric parameters along a reentry path.

The purpose of this phase of the study was the extension of the 4-b

model through the stratosphere to provide atmospheric statistics similar

to those generated for the troposphere and lower stratosphere. In

i! _.-ticular the goal wa._ t_ derive empirically monthly means and daily i_

i variances of pressure, temperature, density and winds at 2 km levels i_

! 23
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from 26 km to 52 km. These values would be given at grid points across

the globe to permit an evaluation of the spatial as well as temporal

changes in the stratosphere.

Examination of the roc!:etsonde data available for analysis soon led

to the realization that the derivation of grid values across the entire

globe is not yet possible. Very few rocketsonde stations are located in

the eastern half of the Northern Hemisphere and there are even fewer

stations in the Southern Hemisphere. Hence it was decided to concentrate

on the area in the western northern hemisphere from 0° longitude to 160"

east longitude. This zone includes most of the Meteorological Rocket

Network and thus has the largest collection of stratospheric measure-

ments. Further data collection is still needed to provide a satisfactory

base for grid statistics; however, the available soundings did allow

generation of monthly statistics of the important atmospheric parameters

at a large number of stations. These statistics were then analyzed

spatially to produce constant level maps from which values were read at

5° latitude - longitude intt "sections, and interpolated vertically to

provide stratospheric profiles. The following section will discuss in

more detail the data processing and analysis.

3.1 Rocketsonde Data Processing and Analysis

The stratospheric data set consisted of rocketsonde measurements

made by stations in the Meteorological Rocket Network (MRN). These

values were obtained from the World Weather Center A at Asheville, North

Carolina and were formatted as follows:

• Summed meteorological parameters (sums, sums of squares and

counts of pressure, temperature, density, and u and v wind

components) at 1 km levels for 18 stations i;i the MRNnetwork

for the period 1969 - 1972.

• Summed meteorological parameters at 1 km levels for 6 stations

covering the period 1961 - 1968.

• Daily rocketsonde values for Russian, Asian, and European

stations covering the period from 1969 - 1972.

i

11
/
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TABLE 3- i

ROCKETSONDE STATIONS USED !.; ST_ATOSPHF.RIC ANALYSES

Period
Station Latitude of Number of

Number Name Longitude Record Observat/ol, ,,

O-IO'N

78783 Port Shes'man 09.3 N 080.0 N 69-72 374

43373 Thumbs 08.5 N 076.64 E 70 19

lO-20eN

78861 Antigua 17.2 N 061.8 N 69-72 287

91250 Eniwetok 11.4 N 162.4 E 66-67 20

20-30aN

74794 Cape Kennedy 28.5 N 080.5 N 69-72 717
64-68 1.110

91162 Barking Sands 22.0 N 159.8 N 69072 683

.;0-40"N

08384 Arenosillo 37.1 N 006.7 W 69-72 84

72269 White Sands 32.4 N 106.5 N 69-72 913

61-68 1,889

72391 Point _ 34.1 N 119.1 N 69-72 772
61-68 1,285

72402 Wallops Island 37.8 N 075.S N 69-72 672
61-68 844

72477 Green River 38.9 N 110.1 N 69-72 32

47517 kkita 39.33 N 14,0.,2 £ 70-72 74

40-50"N

34560 Volgolffad 48.68 N 44.35 E 65-70 140

$0-60eN

72913 Fort Churchil'_ 58.7 N 093.8 N 69-72 536

74124 Primrose Lake $4.8 N 110.1 N 69-72 298

03023 Nest Geirinish 57.35 N 007.36 W 69-71 117

03502 Aberl_rth $2.13 N 004.57 N 71 19

60o70°N

70192 65.1 N 147.5 N 69-72 433

70266 Fort Greely 64.0 N 145.7 N 69-72 380
61-68 904

70-90eN

04202 Thule, Grntml_ 76.6 N 068.8 N 69-72 203 J

: 20046 Heiss Island 80.62 N 58.50 E $7-70 218

Southern

Hemisphere
61902 Ascension Island 08.0 S 014.4 N 69-72 545

. 6_-68 780 *_
r_

; 82599 Natal 0S.9 S 03S.2 11 69-72 36 *

• 87689 Mar Chiquita 37.8 S 057.4 If 69-72 40

41350 Gan 00.68 S 073.1S E 69-70 64 _i

Mobile
Russian ,':,
Ship Sta. "_

67-70 319 .
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The actual stations included in this data set, the number of

observations available for each station, are listed in Table 3-1. This

table clearly shows the two main difficulties in deriving global strato-

spheric statistics. One is the lack of continuous spatial coverage,

e.g. no stations between 40 and S0°N in the western hemisphere, and the

other is the lack of a consistent period of record for the reporting

stations which can lead to apparent spatial differences in r,_eteorological

values caused only by differences in the }umber o£ observations or in

the months sampled. Throughout this study a major effort was ,_ade to

minimize the effects of these problems and thus to generate a relatively

consistent and reliable data set; however, the problems can not be

completely resolved without more extensive observations.

T,ae initial processing took the available data and generated means

and variances at 2 km levels for each st:_tion from 24 km to 52 km,

combining the 1961-68 data set_ with those for 1969-72 for appropriate

stations. The level below 25 km was chosen to permit comparison of the

statistics resulting from the rocketsonde measurements with those in the

existing 4-D model while 52 km was selected to provide data for the

upward extrapolation of longitudinal variabilities (Justus et al, 1974).

The resulting data set also permitted comparison with Groves values at

30, 40 and 50 km although a time shift was necessary as his values were

centered on the first day of the month and these were derived for the

fifteenth.

Figures 3-1 and 3-2 show the mean temperatures computed from the

1969-1972 rocketsonde data for stations near 30*N for January and July.

With these profiles are plotted the Groves temperatures for 30*N. There

is very good agreement up to 45 km reflecting the fact that Groves used

tt same data set, but the values above 45 km seem to diverge for the

January data. This appears to be partially caused by the location of

the maximum temperature at an altitude between 45 and S0 km and thus

between the values given by Groves m_del, but not between those given at

2 km levels.

These differences also, in some cases, appear to reflect the lack

of a data set large enough to be statistically valid. Although the

number of soundings listed in Table 3-1 indicates the total number of

soundings available for analysis, few of these stations had this number

26
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of soundings for all parameters. In general, the winds had the largest

j set of observations with temperature reported significantly less often.

Since temperature can be highly variable and the inclusion of a few

stratospheric warmings can bias the statistics, it is difficult to

derive valid temperature means from the soundings available, especially
for the winter months. The variances in this model are thus of impor-

tance in evaluating expected meteorological values and their variabilities.

Despite these basic difficulties, it is felt that most of the

statistics derived from these soundings are reliable and in concurrence

with analyses made by other investigators. The statistics are the same

as those published by the World Data Center A in the High Altitude Mete-

orological Data reports because they ate derived from exactly the same

soundings. Figures 5-5 and 5-4 show comparisons between the monthly

means derived from midlatitude stations and the monthly values given for

those latitudes by Groves. (Throughout this study, positive winds are

from the west or south, and negative from the east or north.) The

largest differences occur during the winter months (November - February)

and reflect the high natural variability in the stratosphere during this

season. However since these analyses and comparisons with other studies

(e.g. Webb, 1969) showed good agreement between our data and previous

findings, it was decided to analyze these statistics to form global

models.

5.2 The Stratospheric Analysis

The derivation of global grid values involved the plotting and

analysis nf ali the statistics derived for the stations listed in Table 5-I

(with the exception of stations located below I0"S). This created ten

maps per stratospheric level: five for the means of pressure, tem-

perature, density, west-east wind component (u) and south-north wind

component (v); and five for the standard deviations of the same para-

maters. Time and financial constraints did not perult the plotting and

analysis of this number of maps for all of the 2 ka levels for which the

rocketsonde statistics were computed. Thus four levels were selected

for initial analysis: 26 km, 36 _, 42 kl and $2 ka. These levels were

chosen to provide _he values at the base and top of the 4-D sodel ,_

extension and to provide comparison with previous analyses ude at

_ 29 _
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10 mb, S mb, 2 mb and .4 mb. Subsequently the level of 48 km was also

chosen for analysis to add needed information on the stratopause. Study

of the station profiles showed that these five levels should provide

good representations of vertical structure of the stratosphere since

changes in the statistScs between these levels are relatively linear.

Figures 3-S through 3-8 show the 42 km analyses of temperature and

the west-east wind component for January and July. The scarcity of

reporting stations necessitated careful subjective analyses over many

areas such as the tropical regions, but the seasonal trends and strato-

spheric patterns are clearly evident. January is characterized by very

high variability in both time and space. The most pronounced variability

is seen in the January flow patterns (Figure S-S) for the area between

30°N and SO°N where sudden outbr=aks of arctic air and pronounced

stratospheric warmings cause very large shifts in the winds in a period

of a few hours. On a long-term basis the mean mid-latitude winds show a

strong westerly flo_ pattern, but the standard deviation of this mean

clearly demonstrates that the daily winds may show little similarity to

the mean. In fact it has been suggested (Belmont et al, 197S) that the

mean wind value could be misleading because the actual wind values might

not even show a Gaussian distribution.

Other latitudes in January show an easterly flow pattern especially

in the eastern polar region and in the tropics and subtropics. The data

from the tropical region indicates a relatively stable flow with limited

changes in time or in longitude. On the other hand the Arctic region is

highly variable and the easterly flow for longitudes near the Greenwich

meridian contrasts sharply with the strong westerly flow found over

Siberia. Standard deviations on the order of 2S m sec -1 are associated

with these winds and reflect _|._ frequent changes of the location of the

Aleutian high. The south-north wind components analyzed for this level

support these analyses of the west-east wind components tsith a strong

mean southward flow for latitudes north of S0"N and a standard deviation

of the flow which exceeds the mean (e.R., Fort Greely, mean v = -23.4 m
-1 -I

sec , standard deviation = 35.56 m sec ).

The July winds contrast sharply with the January winds in that all

of the flow is easterly and there is very little variation either with

1976003524-039
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longitude or with time. The maximum winds are found in the zone between

IS° and 50°N and the minimum winds are located in the polar region with

very weak south-north wind components to interrupt the general flow

pattern. For thi._ season the mean winds seem well representative of the

daily values making these statistics readily applicable to the modeling

of expected stratospheric conditions.

Temperature_ shown in Figures 3-7 and 3-8 reflect these sharp

seasonal changes with January characterized by sharply decreasing

temperatures with increasing latitude, and July by increasing temper-

atures with increasing latitude. A stronger latitudinal dependence is

found fcr the January temperatures than was displayed by the January

winds although the July temperature data appears to have slightly greater

longitudinal dependence than the winds showed. An interesting feature

of both maps is the correlation of the standard deviation analysis with

the north-south flow analy_es (not shown). In both seasons the highest

variation in temperature occurs in the regions of the strongest south-

ward flow from the arctic region.

Comparison of these analyses with the weekly synoptic analysis

charts and the statLstics given by Groves (1971), Belmont et al (197S)

and other :mthors shows good general agreement in the basic meteoro-

logical conditions characterizing the stratosphere. Specific values for

specific latitudes do occasionally disagree, however, due to different

time periods used for averaging, the variability found with longitude,

varying definitions ef representative statistics, and interpretations of

the station data. For example, the maximum winds found in the January

analysis are less than those given by Gr_ves f1973) but part of the

difference can probably be attributed to our definition of the January

mean as including all days from January 1-31 whereas his includes days

from December 16 to January 15. Much more data is needed to define

stratosphcrLc co_Klitions with I_igh precision. Also needed is a stan-

dardization of _ppro:,chcs iu the empirical modeling of these altittades.

Within these limit,titus, £t is felt that the statistics derived from

these analyses provide ;, _ood representation of the characteristics and

trends of _tratc>;pherLc circulation.

_ 37 _
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3.3 Stratospheric Profiles

Since the final goal of this analysis of the stratosphere was the

generation of profiles of atmospheric parameters at grid point locations,

the analyzed maps underwent further treatment. In this phase, values

were read from each map at 10° longitude and latitude intersections from

the Greenwich meridian west to 160°E, with the exception of the zone

from 65°W to 1550W where values were read at 5° intersections. The data

available in this latter region was the densest and it seemed appropriate

to obtain the maximum resolution possible. All of the gzid point para-

meters were then keypunched and the 10° grid values were computer inter-

polated to 5° grid values.

Figures 3-9 through 3-14 show profiles derived from the grid point

values at 40°N, 75°W and 200N, 70°W for Jan-ary and July. Three para-

meters are shown, the temperature, u-wind component and v-wina component,

plotted against height from 26 km to 52 km. In each figure, the center

profile shows the mean value with the other profiles representing values

of the mean minus one standard deviation, and the mean plus one standard

deviation.

Both seasonal and latitudinal differences are evident in these

figures. Not only are the stratospheric characteristics discussed above

for 42 km evident (e.g. change in temperature with latitude) but other

features are also apparent. The most pronounced difference in the

profile is the significantly sharper temperature maximum found at the

midlatitude stratopause. In the summer this stratopause also appears

lower than it does in the tropics. The greater varibility in the winter

temperatures at 40°N is clear, as is the almost uniform variability

found over this region in the summer.

The profiles of the west-east wind components reveal a reverse

pattern with a sharp maximum wind characterizing the tropical winter

profiles and not visible in midlatitude data. Both latitudes show a

comparable increase in wind speed with height during the summer but the

tropical wind speed, with the exception of the 48 km peak, is almost

constant with height in winter while the midlatitude winds increase from
-1

10 to 60 m see .
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The profiles of the v-components of the wind (Figures 3-13 and 3-

/ 14) show very weak northward flow up to 40 km. Above this level it

increases to 10 m sec-I at 48 km for the location at 20°N in the winter

and at 52 km in the summer. At 40°N however the winter wind increases

to nearly 20 m sec-I at 52 km while the summer wind never exceeds

i " -I
7 m sec These stations are far enough southeast to escape the pre-

vailing southward flow from the Arctic although the variability seen in

the January 40°N data shows that it is often subject to the Arctic

outbreaks.

The similarity of these profiles to those given in previous models

(e.g. Groves, 1971) is highly encouraging, especially since the data wa_

analyzed at fixed levels for all locations rather than by height for

fixed locations. In fact checking of profiles on a more global basis

shows a dependence of atmospheric parameters on height which is well in

line with the works of previous authors. The only occasional problems

found were with the wind profiles over data sparse regions or in areas

and months of such extreme variability that statistical profiles were

not very representative of actual profiles.

The final profiles used in the 4-D models were generated at 2 km

levels from the statistics given at the five basic analysis levels.

Linear interpolation was used for the standard deviation of all parameters

and for the means of the temperature and wind components. Logarithmic

interpolation was used for the mean pressure and density. The 4-D

stratospheric model thus became a set of profiles at 5° latitude -

longitude grid points from 0° longitude to 160°E longitude and from O°N

to 90°N. These profiles are stored on two magnetic tapes containing 12

files of one month each. For each month there are 739 records, each

record containing 14 levels of the means and variances of pressure,

temperature, density, and u and v wind components from 26 to 52 km.

This model is not meant to be the ultimate stratospheric model because

many more observations are needed to provide such a model. However, it

does allow some evaluation of the basic characteristics of the stratospI,_r,

and the spatial and longitudinal variability found at these altitudes.
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4. THE 4-D WIND STATISTICS

/

The 4-D model developed by Spiegler and Fowler (1971) provided

global statistics of the meteorological parameters of importance to

remote sensing and radiometric studies. Hence the parameters selected

for the model were those of pressure, temperature, water vapor and

density, the atmospheric variables of the maximum importance in computing

absorption and scattering at infrared, visible, and microwave wavelengths.

The purpose of the current study, however, was the modification of the

4-D model to allow evaluation of oZher problems in the space program.

The most important of these is the computation of vehicle trajectories

for the planned space shuttle program, computations which require a

knowledge of global winds and their spatial and temporal variability.

To meet this requirement, the means and variances of the west-east and

south-nortn wind components were computed globally at 1 km levels to be

combined with the existing parameters in the 4-D model.

4.1 The Basic Data Set and Data Processing

Three primary data sets were used to derive the 4-D wind model:

Four years of daily u and v wind components on the NMC

grid supplied by NCARfor pressure levels from 850 to

100 mb, representing the daily analysis maps produced by the

National Meteorological Center

Mean monthly u and v wind component_ and heights at 5°

latitude - longitude intersections for the Northern

Hemisphere, for pressure levels from 1000 to 100 mb,

supplied by NCAR

and

Mean monthly u and v wind components and heights at

. S° latitude - longitude intersections for the Southern

Hemisphere, for pressure levels from 1000 to 100 mb,

supplied by NCAR.

These data sets, providing primarily geostrophic winds, were

supplemented by radiosonde data contained in the MIT General Circulation "

Data Library and by the existing 4-D model, whose parameters permitted

_ the computation of geostrophic winds. PRECEDING PAGE BLANK NOT_, _
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From the first data set monthly means and variances of west-eest (u)

and south-north (v) wind components were computed for all points on the

NMC grid. Latitudinal mean variances were also computed, at 5 ° intervals.

Those for 20 ° N were used to supply the variances in the equatorial data

set, and all latitudinal variances, _ith a six-movth time switch, were

used in the Southern Hemisphere. This approach was necessary to provide

some guideline on zonal variability in areas where daily grid data was

not available. In addition, the 850 mb grid point variances on the _C

grid were assumed to apply to the surface since no daily values were

available there.

It was not possible to obtain wind data above 100 mb for any of the

grid3 in use. Thus mean u and v wind components from 18 to 25 km were

assumed to be geostrophic and were computed from the mean pressure and

density given in the existing 4-D model. These computations used the

formulae:

- --it (4-1)
ui : OiF _Y i

7i = 1-/- (4-21pi F ax i

where

_x[i (X 2 - Xl) Re cos

ay[i (O2 - 01) Re

and

6) = ()i - )1)/(_2 - )1 )

6X = (X i - Xl)/(X 2 - X1)

where

= latitude

X = longitude

Pk = mean pressure at point k

0 i = mean density at point i

.¢. F = Coriolis parameter

: _ = 2 fl sin _

k
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_. = mean eastward wind component
1

v. = mean northward wind component
1

Re = radius of the earth

The subscripts correspond to those shown in Figure 4-I, with the differ-

ences in latitude and longitude always corresponding to 10°. This meant

the direct use of values on the Southern Hemisphere grids but involved

the conversion of the NMC grid to a 5° latitude-longitude grid prior to

the computation of the wipds.

The winds in the Northern llemisphere equatorial grid, however, were

not computed geostropieally for the primary reason that discontinuities

appeared in the pressure and density values near 20° N. These discon-

tinuities are apparently caused by the extrapolation of values over the

equator during the original development of the 4-D model which, while

providing realistic values, did not provide values in precise agreement

with those generated by real data for the NMC grid. Better agreement i;

found with values generated by the curve-fit coefficients, but it was

still difficult to derive realistic winds for this region. Hence the

following approach was used.

Mo:Ithly means and variances of u and v wind components were computed

for the 50, 30 and l0 mb levels for all stations reporting data in the

MIT General Circulation Data Library. This data set, containing 5

years of daily radiosonde measurements at 704 stations in the Northern

Hemisphere, can be analyzed to provide grid wind statistics in the

troposphere. However, at 50 mb and greater altitudes, the number of

observations is quite limited, making such a spatial analysis difficult.

So station statistics computed for these levels were averaged to generat

mean latitudinal wind ,leans and variances for 5° bands from the equator

to the pole.

These latitudinal values were used for two purposes. First, for

the equatorial grid, the monthly means and variances were utilized to

provide all of the upper level wind statistics, replacing the need for

the geostrophic computation of the means. Second, for NMC and Southern

Hemisphere grids, the mean latitudinal variances were used, in conjunction

with the geostrophic means for each grid point, to provide the wind data

from 18 to 25 km. For the Southern ttemisphere, of course, a six-monthtime switch was assumed in incorporating the variances. These variances

55
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Figure 4-1 Two Dimensional Interpolation of Parameter F as a
Function of latitude ¢ and West Longitude
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/ probably overestimate those found in the Southern Hemisphere where the

wind flow is much less perturbed but do permit an estimate of the vari-

ability and provide an upper limit on expected changes.

The pressure level data sets generated by these computations are

sul,_marized in Table 4-1. All of these levels were then combined verti

cally to produce one set of data for each of the three grids, and

cm_stant height values were computed using the following linear inter-

polation scheme:

Xkm = Xpl + (Xp2 Xpl) (Zkm - Zpl)/(Zp2 - Zpl ) 114-3")

where

X is the parameter to be interpolated U, V, oU, oV

km is the kilomezer level desired

Pl is the pressure level just below the kilometer level

P2 is the pressure level just above the kilometer level

Z is the mean height of pressure level i
Pi

Zkm is the height of the desired kilometer level

For these computations, the mean height for each pressure level was

assumed to be that contained on the 5° latitude - longitude Northern and

Southern Hemisphere tape. This height was converted to the NMCgrid for

interpolation there; otherwise it was used as given on tape. For the

surface level, the actual grid point heights used in the previous study

were applied here.

Two tapes were generated as a final product of this processing with

each tape record containing means and variances of the U and V wind com-

ponents from the surface to 25 km _t one km levels for each grid point.

• The format follows that for the original 4-D data set with a file for

each month containing 288 records for the equatorial grid, 1977 records

for the NMCgrid and 1225 records for the Southern Hemisphere grid.

These records thus can be easily used in conjunction with those in the

original 4-D model to generate combined profiles of pressure, tempera-

ture, water density and winds. Or they be used alone to show '
vapor, can

._ the wind structure over any point on the earth's surface

57 _.
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4.2 The Verification of the Global Wind Statistics

The derivation of the wind profiles of necessity involved many

assumptions about the continuity and consistency of the various data

sets. Thus a great deal of comparison and checking went into the

various phases of the computation to insure the accuracy of the results.

" The geostrophically computed wind statistics for the NMCgrid were

compared with the radiosonde station statistics derived from the General

Circulation Data Library for levels above 100 mb. The m_ans of both the

u and v wind components showed excellent correlation in the point by

point comparison and validated the assumption that the detailed features

of the high level wind fields could be accurately derived from the

features of the pressure and density fields. No such comparison could

be made for the Southern Hemisphere, unfortunately, due to a lack of

data at the high levels, but the general flow patterns and winds speeds

derived geostrophically appear reasonable.

Verification was also performed on the wind data computed for the

troposphere. The 500 mb means and standard deviations computed for the

NNC grid from the daily wind values were carefully scrutinized in com-

parison with the same parameter given by Lahey et al (1958). These

latter statistics derived from grid data for 1947 through 1953 showed

remarkable agreement with the values deri_ed here from the 1969-1972

data set both in the location of maximum and minimum wind means and

standard deviations, and in the values given for these statistics at

selected locations. Further support of the reliability of our wind

statistics was provided by the vertical-longitudinal cross sections

given for selected latitudes by Newell et al (1972) and by the mean

latitudinal wind values given for the equatorial region b/ Oort and

Rasmusson (1971). Finally reference to other wind field analyses such

as those provided by the NAVAIR 50-1C-S1 and 50-1C-52 documents and by

Heastie and Stephenson (1960) completed the verification of the accuracy

of the global wind statistics with a strong belief in the grid point

profiles of wind components.

$9
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4.3 The 4-D Wind Profiles

Figures 4-2 through 4-7 show the computed January and July wind

statistics for three points on the NMCgrid. These points are located

near 40 ° N, 135 ° W (point 601) near 75 ° N, 80 ° W (point 801) and near

18 ° N, 60 ° E (point 1801) and display the characteristics of the wind

flow typical of their locations. The January winds are dominated by

strong westerly flow near 40° N, with a slight northerly component

indicating the intrusion of arctic air at the lower and upper levels of

the atmosphere. The maximum winds occur in the 10-12 km region where

they show little south-north component and reflect the predominance of

a westerly jet. Frequent changes in the direction and intensity of this

jet, however, are clearly seen in the large standard deviations (18-20 m
-I

sec ) found for both wind components at these levels.

In contrast to this variability the winter statistics for 20° N

show a much more stable flow pattern with standard deviations less than
-i

10 m sec for most levels of the atmosphere. Again westerly flow

dominates except near the surface and above 23 km where the flow is

easterly. However the south-north component changes direction in the

vertical with the lower troposphere characterizedby the winds from the

north and higher levels showing weak compensatory flow to the north.

The January data at 7S° N, 80° W is characterizedprimarily by weak

flow from the southwest through most of the troposphere with north-

easterly flow at the surface and northwesterly flow in the stratosphere.

This flow is part of the circulation around an arctic low located near

this area in the lower troposphere, and moving farther to the east with

altitude to form one major low at 90° E at 18 km.

The July wind data contrasts sharply with the January statistics,

The midlatitude westerlies are much weaker and less variable with flow

from the south dominating at altitudes above 5 km. Re northerly flow

found in the surface layers is caused by the dominance _f this location

by a shallow Pacific high. This circulation disappears from the area

around S00 mb (S-6 km) leaving the zo,e in the path of the westerlies

circling the globe. Above 20 km, however, the circulation shifts to the

easterly flow which characterizes the stratosphere during the summer

months.

60
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NMC GDID POINT NO, 601 MONTH I

LEV[L U VARt6NCE V VARZANcE

SFC 7.61 91,i0 .89 q2.B_
I KM 7.54 91,10 -,08 92,_
Z KM 8.78 108,_5 -e49 i16,2_
3 KM 11.0S 126,_8 -,39 _37,71
6 KM 13.16 151,38 -,6S 17_,2.
5 KM 1_.22 178.25 ",93 206.53
6 KM 17.29 20q.n6 ?.9B P44,_?
7 KM 1q.34 248.q5 -.6R PA2.2_
8 KM 21.60 2q0,10 -,38 322,8_
9 KM 23.65 335._0 -,08 _6_,08

10 KM 24.15 337.05 ,06 3_3,06
11KM 24.66 325,31 ,14 345._
12 KM 24.62 306,47 .14 32],9_
13 KN 22.71 250,_0 -,4n 266,85
16 KN 21.00 200,_5 -,93 213.2Q
Is x, I_.36 :ss.+z .1.+7 T_.3_
16 KM 17,59 116,70 -2,00 1P6,9 n
17 K_ 16.96 112,75 -2,36 10_,2_
18 KN 1_.33 108.g6 .2._8 RS,_
19 KM 10,6_ 105,03 -3,n3 68,0P
20 KM 8.55 101,78 -3,39 52,44
21K, _.66 12+.60 o3.?_ s_.3_
22 KM 6,77 149,02 -4,10 60,31
23 KM _.SB 176,34 -6,6_ _4,47
24 KM .99 213.P9 -4,81 71,27
25 KM -.90 269.73 -5.16 82,75

Figure 4-2 4-D Wind Statistics for January at 40°N, 13S °W

(wind speed in m/s)

bl
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NNC GPID POINT NO, 801 NONTH 1

LEVEL U VARIANCE V VARIANCE

SFC -4067 16,Q4 -2,44 35oq_
I KM -,56 16,94 -I,68 35,9_
Z KM .09 30,98 ",73 43,61
3 KM ,53 490_7 ,21 54,39
4 K_ .85 ?2,qO l,On 72,12
5 KH 1016 100,_7 1,78 .97,3_
6 KM 1.25 120,_0 2,33 105,0q
7 KM )033 |40,_I 2,R6 Itn,lq
8 KH 1.40 162,92 3.39 132,04

.9 KH 1,38 155,_7 3,32 119,q_
10 KM 1.30 131,Q1 2,91 q4,S_
II K_ 1,25 111,_6 2,49 ?3,S4
12 KM 1,60 115,_5 2.07 76.77
13 KH 1,95 11_,?0 1,65 79,9_
I_ KM ?.30 122,tl 1,23 R3,77
15 KM ?.65 126,18 ,_I .e606_
16 KM _,13 111,76 -057 1]2,4_
17 KM _7,6_ 97,29 01,94 141,_3
18 KH !_,10 84,?5 -3,37 17_,1_
19 KH !],42 T2,lS -&,66 2_0,06
20 KM 1_,74 60,a9 06000 249,2_
Zl KH 14,06 95,0? -?,34 307,17
22 KM 1_.38 136,_8 58,68 371,0_
23 KM 16,76 185,P3 -10,02 &41,03
_4 KM IP,O1 202,92 -11,36 4m0,7_
2S KM 19,33 220,18 -12,70 S21,6_

Figure 4-3 4-D Wind Statistics for January at 75"N, 800W

(wind speed in m/s)
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NNC G_XO POtNT NO. |801 MONTH ]

LEVEL U VARIANCE V VA_IAr_CE

SFC os._o 52,77 -4,63 ]3.oq
| KM _.8| 52,?? -3.07 13.09

2 KM ],86 52,77 -2,26 13.09
3 K_ 1,86 52,77 -2.2_ 13.0n
4 KM 4.38 52,_8 -2.21 15.7_
5 KM 7.37 51,o2 -2.15 19.?0
6 K_ i0.27 52,98 -2,10 23,n_
7 KM ]2._8 64,0l -F.08 27.3A
8 KM 15.16 T6,10 -2.OT 32.11
q KM 17.5_ 89.22 -2,06 37.21

10 KN lq.80 99,41 -1.8_ 43.e_
11KM 2].88 102.3] -1.33 52.77
IZ KM 23.96 105,_6 -,?q 62,71
13 KM 24.27 97,06 -.37 63.1!
14 KM 23.39 82.38 0.01 5700]
15 KM 22,51 6B,_O .35 51,21
16 KM 21.63 56.62 .T_ 45.77
17 KM 13.56 52,72 .26 _4.8_
18 KM 5.49 47.Q9 -.22 25.41
lg KM 4,43 43.94 .12 17.47
20 KM 3.38 40.07 .46 11,,0l
21KM _.32 57,33 .SO ]2._?
22 KM ].26 77,67 1,14 triO?
_3 KM ,21 1Q|,e9 1,48 15.66
24 KM :,_5 121,?1 1,82 17.31
25 KM . .91 125,38 2,16 18.83

Figure 4-4 4-1) Wind Statistics for _'&nuary at 18*N, 6v°E

(wind speed tn n_/s)
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NHC GNIO ooI,)T _JOo bn, l

LEVEL tJ V^ r-'I,_HCF v v_ T^_JCE

$FC

1 K_ °33 P5.8J -3,b8 30.73
2 KM 2°41 25,al -2.42 "_0.73
11 KM 4,4 '," 42,2 T -1.36
4 Kf_ 6.3_ _2=77 _17o46
5 _<rl 7 o¢,,, _0,#5 -.57 4 4 ° 8,_,

6 g:-) _.67 10d.o_, -.16 =?.. b_,
7 K;,_ 9.7b 119. _,c_ .lq _,0.99

*S*q ?l°n'_
8 K_ ) 0.° 6¢_ |30.$9 I.]4 A6obq
9 Kt,_ ll._P 142.62 1.71 } o "]. 9P,

]l gt,_ l _._P. 1_5.p4 P.A5 l'_4.P.:,
12 Kit 13.'_ 172.'4£ 3._5 i_(_ o 3
13 K_ } 3._,5 179.54 4,94 ]_9.6_
]4 g_' ] _.P. 5 142._2 _.np ] _.a, 74
[5 KH 10.4_ l f)2, | c} _.H7

16 K._) 6,9_ 3.7l _,q.2_)

]8 K_ _.4P _3._7 2.H9 71.67
19 K,_; ' ,O"t _6._9 2.73 16.()..,
20 g_) ,61 PO,07 2,15 II.2_

21 K_ -.6r l_.6J P.r=8 7.;_
22 K_._ -].o6 !3.q5 P. Ol F,.54_3 KI1 -._, P4 13,'_0 "

; _4 K_: 12.67
1 .H6 q. IP

-5, f_l 1P.05 ] ,78 4,5_,
25 g_ -7,1: 11._5 I.T1 a.5_

Figure 4-5 4-D Wind Statistic._ .forJuly at 40°N, 13SOW

(Wind speed in m/s)
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NMC GRID POIHT tjO. 801 Mr_IT_; 7

LEVEL U VAPlANCE V v_PIANCE

SFC -l,e] 18._4 -1,?_ 1_,54
I KM -,67 18,74 ",78 15,54
2 KM -0_3 _7.57 *_4 19,30
3 KM .77 38.qg ,43 , _,6q

5 KM ,BI 74.p6 ,76 4P,37

6 KM ],_g 04.4H ,79 _S,n6
7 KM |.3 M ]1fi.43 ,7| 7n.8_

8 KM 1,'56 1_8,4? ,63 RR,56
9 KM 1,9_ 1_3.6) ,54 lOR,2a

|U KM l._l 117,76 ,42 ?q.nt
II KM l,Ob ?8,pa .29 _3,54
12 Y_ ._5 ql,33 ,17 _5.60
13 KM ._ _9._3 ,n6 _7.21
14 KM -,01 _q.79 -,_6 19,87
IS KM -,34 21,_ -.18 13,bq
]6 KH -.67 14,07 -t30 R.6S
17 KM -1,18 ll.q] -.38 7,5_
18 KM -1,69 q.74 -,47 &.S1
19 KM -2,17 7,87 -,27 5,5_

20 K_4 -2,6S o._0 -.07 4.bq

21 KM -3.13 5,71 ,13 4.b_
22 KM -3,62 5,73 .33 4,3q
23 KM -4,|t 4,78 ,53 4.2S

F4 K_ -4,5H 4._4 .74 4.11
25 KH .5,0_ 4._; .q4 4,17

Figure 4-6 4-D Wind Statistics for July at 75°N, 80°W

(wind speed in m/s)
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NMC GRID POII IT NU. 18gl MOt*T_J 7

LEVEL U Va_IA4CE V _,6PIANCF

SFC 14.3 n R6.81 5.28 _5,2q
I K_; 7._3 _6.RI 2.23 _5.29
2 KH 3._2 _8,87 -,02 _5.0q
3 K_ 3.o5 _3.01 -1.65 16.6_

KH 4,_7 46,43 -_.28 16.26
5 KH q.po 41,_3 -2,7_ 16.87
b KM 6°09 _7.q7 -_.26 1R.37
7 KH 4.46 41,18 -3.67 _5,6P
8 K, 2,_J 44._5 -4°08 _4.07
9 K_4 1,_'_ 4B.R9 -4,50 43.7_

10 KH -1.67 q_.45 -4._3 q4.0_

13 KH -17._3 K5.6) -4.95 7R.33
14 KM -19.31 50.02 -4,44 ?_.24
15 Kt_ -_1._9 44,72 -3.g3 _.32
16 K:4 -_3.P_ 39.72 -3.4P _3.5P
17 K_I ->0.9o _4,_8 -.99 4R.O_
18 KM -_8.1,' _9,42 1.44 _4.71

19 KH -]0.15 ?4.p5 1.60 p3.53

20 KH -_O._h _O._b 1.77 14.52

21 KM -_1.70 32._2 _.93 14.3P
22 K_t -?_.3l 46,59 2.09 14.13
73 K_ -?3._6 63.45 2,25 1_.94
24 K_ -_4,61 R2.76 _,41 13.74
_5 KM -?5.46 lO0.n5 2.57 13.37

Figure 4-7 4-D Wind Statistics for July at 18°N, 60°E

(wind speed in m/s)

/

/
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Easterly flow is also seen in the upper levels of both the 75 ° N/

location and the 20° N location although the total vertical profiles

differ significantly. Again the winds at 75 ° N, 80 ° W are very weak and

their changes through the troposphere are associated with the position

and intensity of the Arctic low at different altitudes. As the strato-

sphere is entered the wind direction shifts, reflecting the differences

in circulation patterns between the troposphere and the stratosphere.

Localized circulation also is visible in the 20 ° N statistics where

the lower troposphere is dominated by a cyclone which gives way to an

anticyclone in the upper troposphere. Very strong easterlies are found

above 20 km supporting the July stratospheric wind maximum found near

this latitude in the previous section.

Comparison of these profiles with vertical cross sections provided

for the same locations by Newel1 et al (1972), Crutcher and Meserve

(1970) and Belmont et al (1975), and study of other profiles now included

in the 4-D model have clearly shown that a very strong capability is now

available for the simulation of atmospheric conditions. Means and

variances of the u and v wind components are now readily available for

3490 grid points spanning the globe with these statistics provided at 1

km levels from the surface to 25 km. Alone they permit an excellent

evaluation of the earth's circulation; in conjunction with the pre-

viously developed 4-D model they specify all major parameters of the

earth's atmosphere.

|
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i CONCLUSIONS AND RECO_IENDATIONS

5.1 Summary

t

The previous sections have presented %he results of the modifi-

cations to the 4-[)atmospheric model and the cloud data bank. These

will be summarized here.

5.i.I The Results of the Cloud Cover Analysis

Comparison of the LANDSAT observed cloud cover with observations

made from the ground showed very good agreement for the !/2° field of

view, except in cases of less than 20% coverage where the satellite

overestimates, and in cases of greater than 80% coverage where the

satellite underestimates. (For intermediate ranges, the satellite

underestimates very slightly.) In general, simulation of satellite

viewed cloud cover using ground observed data should provide excellent

resalt_ with a 10% error appearing only for clear and completely over-

cast conditions. For a 1/4° fielJ of view, however, the satellite sees

about 5% less cloudiness for all coverage greater than 20%; simulation

of this field of view shculd show an appropriate reduction in cloud

cover.

The effects of cloud shadow on total obscuration do not seem to be

severe except for elevation angles of less than 30° and cloud coverage

between 20 and 50%. In general, cloud shadows add about 5% to the total

coverage so that on a statistical basis it improves the correlation

between satellite and surface observations) and permits good simulation

of ground obscuration using surface sky measurements, g_t_,ulationof

only low elevation angles, however, should carefully evalutte the cloud

• shadow effect for it can be very significant under certain cloud con-

ditions.

5.1.2 The Strato_phoric Model

The rocketsonde measurements made by the Meteorological Rocket

Network _etween 1961 and 1972 provided statistics of pressure, density,

temperature and winds in the stratosphere which permitted the derivation

of a limited grid model between 26 and 52 km altitude. This grid con-

tains means and variance_ of the above parameters at 5" latitude -
, PRECEDINGPAGE BLANKNOT FILM_
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longitude intersections from the Greenwich Meridian west to 160° E and

irom the equator to 90° N. The derived results show good agreement with

previous studies of the stratosphere despite the need for some subjec-

tive analysis over data sparse areas and the lack of consistent periods

of record for the stations used. Thus it is felt that the model devel-

oped here provides a good first-cut representation of the spatial and

temporal variations in the stratosphere and permits an evaluation of

expected atmospheric changes along a vehicle re-entry trajectory.

5.1.3 The 4-D Wind Model

Global means and variances of the east-west and north-south wind

components were derived at 1 km levels from the surface to 25 km. These

winds complete the basic 4-D model in its treatment of all atmospheric

parameters and thus generalizes its application to aspects of space

missions not related to radiometric studies. Derived from the same

basic data sets used in the original 4-D model, the winds show the same

global characteristics and can be used either alone or in conjunction

with the other parameters.

5.2 Recommendations

The results presented above represent a tremendous increase in the

utility and applications of the 4-D model and further study of the

applicability of the cloud bank. However, additional research in the

following areas is recommended to refine th_ above results, research

that was not possible under the temporal and fiscal limitations of this

study.

• Collect a much larger set of photographs from LANDSAT 1 and

LANDSAT 2 to derive precise quantitative relationships between

sun elevation angles, cloud cover, cloud height and cloud

shadows. This is of primary importance for elevation angle of

less than 30°.

• Analyze additional levels of the stratosphere with existing

data to derive more detailed information on the height depen-

dence of stratospheric profiles.
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/ • Derive grid values for the eastern half of the Northern

Hemisphere to the extent possible, using stations in that

region.

• Compute tropospheric daily variances for the equatorial

region fro_ daily grid data and improve the Southern Hemi-

, sphere variances using station data and other analyses of that

hemisphere.

• Perform a detailed analysis of the 20-25 km region and the 26-

30 km region to verify the characteristics of the two data

sets and to adjust the analyses as necessary.

• Modify thc 4-D simulation programs to curve-fit the newly

derived parameters at all levels and to provide interpolation

to any latitude and longitude.

The revised 4-D model and the cloud data bank are extremely useful

in their current form and there is little question as to the reliability

of the data banks. The above suggestions are made simply to further

extend the precision of these data banks and to replace certain approxi-

mations with measured values.

t
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